INTRODUCTION
Williams (6, 7) was the first to observe that epidermal strips taken from the area of leaf enclosed by an unswept porometer cup show much wider stomatal pores than elsewhere. Heath's experiments with Pelargonium and wheat (4, 5) showed that sweeping the porometer cup with dry or humid air caused considerable closure of the stomata as compared with the areas in still air. In a repetition of Knight's experiment on the changes in transpiration rate in relation to the leaf water content, Gregory et al (1) showed that the higher transpiration rate following a period of still air was due to wider stomatal pores and not to a higher leaf water content as suggested by Knight. They attributed the observed wide opening of stomata, possibly, to a reduction in the carbon dioxide concentration of the enclosed still air as a result of photosynthesis.
In a previous investigation (2) , the author has shown that when the air stream circulating through a porometer cup attached to an illuminated cherry laurel leaf was stopped for given periods, the stomata of the enclosed leaf portion opened gradually and considerably with time. When ventilation of the porometer was renewed, the stomata showed a rapid closing movement.
The present investigation is an attempt to add to the information on the response of stomata to moving and still air.
MATERIALS AND METHODS Leaves of Eupatoriutn glandulosum H.B.K. and
MIeittha spicata L. were selected for the present investigation. The porometer cups used and the details of technique were exactly as described by the author in a previous paper (2) . The rate of air flow through stomata was measured by the rate of movement of the water meniscus in the porometer tube. This was taken as an indication of the degree of opening of the stomata. In the figures, 5-minute porometer readings [as distance (cm) traveled per second X 100] were plotted against time. 1 Revised manuscript received January 28, 1960.
RESULTS AND DISCUSSION
To show the effect of moving and still air on the stomata of Eupatorium, the results of two of several similar experiments are presented in figure 1 . In both experiments readings were begun with dry air circulating through the cups. When the flow of air was stopped, a slight unexpected stomatal closure rather than unexpected opening seemed to follow. When the dry air was circulated, there was a tendency for stomatal reopening to occur. Further cycles of still and moving air periods brought about similar effects.
The results of two representative experiments using Mentha are shown in figure 2. Here again, the readings were started with the leaf in a stream of dry air. In both experiments only small and inconsistent differences were obtained in moving vs. still air.
The present results as well as those of earlier workers (1, 5, 2) would appear to establish that plant species are not necessarily similar in their stomatal responses to moving and still air conditions. Gregory et al (1) within an unswept porometer cup was caused by a reduction, through photosynthesis, in the carbon dioxide concentration of the enclosed air. Evidence for such a view was based on the observation of increased stomatal opening in still air with illuminated leaves of Pelargonium and wheat. Some of Heath's experimental results were, however, so curious that they imposed definite complications and attached a clear doubt to the validity of the carbon dioxide hypothesis. In particular may be cited the marked closure caused in some of his experiments with Pelargonium by change in darkness from still to moving ordinary air. In darkness, the carbon dioxide content in the porometer cup in still air would be expected to exceed the normal 0.03 % of air.
Further observations on illuminated leaves of other plant species indicated that stomatal closure or opening could not be consistently related to moving or non-moving air. Thus, in experiments with cherry laurel, the author (2) reported a rapid and very pronounced stomatal opening when one changed from moving dry normal to still air. In the present work, Eupatorium and Mentha responded differently than did cherry laurel. The stomata of Eupatorium tended to contract, while those of Mentha failed to respond appreciably when one changed from moving to nonmoving air.
The dissimilarity of stomatal responses of different plant species was confirmed more rigorously by experiments shortly to be published by the author and Younis (3) with Datura, Pelargonium, Duranta, and Clerodendron. Marked Among the other factors possibly influencing the stomatal movement within porometer cups are the humidity of the restricted air and the temperature of the enclosed leaf portion. The rapid saturation of the air in the cup with water vapor will decrease water loss by decreasing the magnitude of the vapor pressure gradient from the leaf to air. This, in turn, operates in the direction of making the guard cells more turgid and the stomatal pore more widely opened. Heath's conclusion (5) excluded the possibility that the abnormally wide opening of wheat and Pelargonium when in a confined space could be due directly to the high humidity of the enclosed air. There was clear evidence, though, from his data of a humidity effect. Thus in some of his experiments with wheat a very marked stomatal closure occurred when one changed from still to (Iry carbon dioxidefree air. The change from still to moist carbon dioxide-free air caused (unlike the result with dry air) a very marked opening. Also, in Pelargonium the responses to still and moving air were appreciably more rapid and marked under dry conditions. Such results would strongly suggest a humidity effect.
The temperature of the enclosed leaf portion may differ from that outside. The movement of air, whether moist or dry, over the surface of that portion is likely to cool it through the increased rate of water loss by rapidly removing water vapor as it escapes. It is conceivable that the cooling effect is significant, because of the relatively large surface/volume ratio of most leaves. In still air, on the other hand, the accumulation of water vapor slows transpiration and lessens its cooling effect. Moreover, the porometer cup may act as a heat trap leading possibly to excessive heating of the leaf portion, through its interference with cooling by radiation (glass is not completely transparent to the long-wave infra red radiation).
On the grounds of the situation describedl here, it is suggestedl that carbon dioxide, humidity, and temperature may be important factors affecting directly or indirectly the movement of stomata within porometer cups. Which of these factors, under such conditions, may play a dominant role in the stomatal mechanism seems to vary with the type and structure of the plant leaf on the one hand and the outsidle conditions on the other. Doubtless the whole qluestion should be investigated under far more controlled conditions than this before an unequivocal answer can be given.
SUM MARY
The response of the stomata on illuminated leaves of Eupatorium and Mlentha to moving and non-moving air has been studied. Eupatorium stomata tended to close to a greater extent in non-moving than in moving air. In moving and still air, no appreciable dlifferences in the pore areas of Mentha stomata could be detected. These results appear inconsistent with the carbon dioxide hypothesis previously suggested to explain the abnormally wide opening of stomata of some plants within unswept A great deal of work has been done with respect to boron in plant life. However, due to the greater economic importance of boron deficiency most of the research has been focussed on the deficiency rather than the toxicity aspect.
Eaton (5) noted that boron toxicity injury was observed in a number of species at or below the substrate concentration which resulted in greatest growth. He concluded that there is considerable overlapping between injurious and beneficial effects of boron within plants. -Eaton (6) noted that in a number of species there is a steep concentration gradient of boron from the center to the margin of the leaf. This may be the key to an explanation for the overlap of the two boron effects. Under normal conditions the concentration of boron may be approaching a threshold toxicity value at the leaf margins, without reaching an optimal level in the rest of the leaf. If then the major part of the leaf has normally a suboptimal boron concentration, a slight increase in substrate B might be expected to cause an increase in growth even if it also caused some toxicity effects. by Gauch and Dugger (8), but they appear to favor the idea that the two effects are quite distinct and not centered on common reactions. If either of the above explanations of the overlap is valid, a study of boron toxicity while giving much needed data on this aspect of the problem should also throw some further light on the normal functions of boron in plants.
In any comparative study it is essential to keep the number of variables as small as possible. One variable often found in boron deficiency studies is the difference in physiological age between normal and deficient plants at the time of comparison. For instance in the work of McIlrath and Palser (17) the normal tomatoes had 12.8 leaves per plant while the deficient ones had only 6.8 leaves, and the phloem was necrotic in the latter. Since this is an important variable it is possible that its effect may obscure the primary effect of boron. Thus in the work of Johnston and Dore (13) it is not certain whether the accumulation of sugars in the leaves of deficient plants was due to necrosis of the phloem or to a direct effect of boron on sugar transport. Since boron toxicity can be induced very rapidly in already mature tissue, a comparative study using plants suffering from slight boron toxicity, in place of the deficient plants, should be free from such variation in physiological development.
Although a great deal of work has been done on the essentiality of boron for plant life, there is still some controversy as to the function of boron. In recent years the majority of workers have given support to the idea that boron is involved in carbohydrate metabolism (reviewed by Gauch and Dugger, 8). Gauch and Dugger (7, 8) suggested that boron facilitates the movement of sugars in the plant by
